Introduction
The performance of medical devices for transfusion, infusion and injection of fluids must be checked using primary or secondary flow standards before they can be placed on the market. Current primary standards for extremely low flow rates are based on gravimetric measurements and are only reliable for constant or slowly changing flow profiles down to 300nl/min. In the near future, however, medical devices should deliver and measure even variable flow profiles down to 1 nl/min. (e.g. programmable implantable medicament pumps). This work presents further works of a highly sensitive front tracking system which can now be used to measure fast changing flows down to 1 nl/min.
Methods
The system is based on the optical tracking of a moving liquid front in a small capillary. The position of the liquid front is captured with 1µm precision at 15 fps using a CCD imaging system mounted on a high precision linear stage. The position of the linear stage is controlled using a PID algorithm to follow the motion of the front over 20cm. The flow source, sensors and the capillary are placed inside a temperature regulated chamber (37.0 ± 0.1 °C). The capillary are coated with dimethyldichlorosilane to keep a hydrophobic surface.
Results
Measurements of flow rates down to 1 nl/min have been successfully performed. The influence of temperature fluctuations of 0.1°C or even less could be characterised. Coated capillaries minimized significantly the stick slip effect.
Conclusion
The method proved to be suitable for direct flow measurements down to 1 nl/min over several hours, flow changes within 1 minute could be detected.
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